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AN EMPIRICAL ESTIMATE OF THE RELATIVE MOBILITES
OF THE COMMON ROCK-FORMING ELEMENTS
ABSTRACT
RELATIVE MOBILITY MAY BE DEFINED AS THE COMPARATIVE
RATES AT WHICH ELEMENTSO IN IONIC AND/OR COLLOIDAL FORM,
MOVE IN THE SURFACE WATERS. NUMERICAL VALUESp ORO
EMPIRICAL ESTIMATES, FOR THE RELATIVE MOBILITY MAY BE
CALCULATED BY COMPARING THE COMPOSITION OF STREAM OR RIVER
WATER RESIDUES WITH THE COMPOSITION OF THE ROCKS FORMING THE
DRAINAGE BASINS.
THE ABOVE COMPARISON WAS APPLIED AND EMPIRICAL
ESTIMATES OF THE RELATIVE MOBILITY OF THE COMMON ROCK-FORMING
ELEMENTS WERE CALCULATED FOR THREE AREAS IN THE CONNECTICUT
VALLEY REGION OF NEW ENGLAND. THE ROCKS FORMING THE DRAINAGE
BASINS IN THESE AREAS ARE; LITTLETON SCHIST2 OLIVERIAN GRANITE,
AND BLACK MOUNTAIN LEUCOGRANODIORITE. THE ORDER OF DECREASING
MOBILITY IN THESE AREAS WAS; MG, CA, NA, K, Si, FE, AND AL.
THIS ORDER IS BELIEVED TO BE THE RESULT OF THE DIFFERING
SOLUBILITIES OF THE MINERALS FORMING THE ROCKS OF THE DRAINAGE
BASINS. THIS ORDER IS DIFFERENT, PARTICULARLY WITH REGARD TO MG
AND CA, THAN THE ORDER FOR THE GENERAL ESTIMATES AS CALCULATED
BY SMYTH AND POLYNOV. IN VIEW OF THIS DIFFERENCE: IT IS
SUGGESTED THAT THE GENERAL ESTIMATES MAY BE IN ERROR.
AN APPENDIX, WHICH CONTAINS THE SPECTROCHEMICAL AND
CHEMICAL METHODS USED IN ANALYSING THE ROCKS AND WATERSp IS
INCLUDED AS A POSSIBLE AID TO FUTURE INVESTIGATORS.
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AN EMPIRICAL ESTIMATE OF THE RELATIVE MOBILITIES
OF THE COMMON ROCK-FORMING ELEMENTS
INTRODUCTION
MOBILITY, AS DEFINED BY HAWKES (10), IS THE EASE AND
SPEED WITH WHICH MATERIALS MOVE IN THE SURFICIAL ENVIRONMENT.
IF FOLLOWS FROM THIS DEFINITION THAT RELATIVE MOBILITY IS A
MEASURE OF THE COMPARATIVE RATES AT WHICH THE DIFFERENT MATERIALS
MOVE IN THE SURFICIAL ENVIRONMENT. THUS, THE DEFINITION IS A
GENERAL ONE AND APPLIES TO ALL TYPES OF MATERIALS AND TRANSPORTING
AGENTS. IN VIEW OF THIS GENERALITY, IT SEEMS DESIRABLE TO MODIFY
THE DEFINITION SO THAT IT IS MORE SPECIFIC AND APPLIES MORE
DIRECTLY TO THIS REPORT.
MOST MATERIALS, IN THE SURFICIAL ENVIRONMENT, ARE CARRIED
BY SURFACE WATERS AND, TO VARYING DEGREESO REACH THE END-POINTS OF
WATER TRANSPORT. THUS, NEARLY ALL THE COMMON ELEMENTS OF THE
LITHOSPHERE CAN BE FOUND IN SEA WATERS. ALSO, THE MATERIALS
TRANSPORTED BY THE WATERS ARE IN THE FORM OF; COARSE AND FINE
PARTICLESO COLLOIDAL SUSPENSIONS, AND IONS. AS THIS REPORT IS
CONCERNED WITH THE RELATIVE MOBILITY OF THE ELEMENTS IN THE
HIGHEST STATE OF DISPERSION (COLLOIDAL SUSPENSION AND/OR IONIC
SOLUTION), IT IS DESIRABLE TO SPECIFY THIS IN THE DEFINITION.
THEREFORE, TAKING INTO ACCOUNT THE ABOVE MODIFICATIONS,
mk 4t
RELATIVE MOBILITY MAY BE DEFINED AS THE COMPARATIVE RATES AT
WHICH ELEMENTS, IN IONIC AND/OR COLLOIDAL FORM, MOVE IN THE
SURFACE WATERS.
FACTORS AFFECTING THE MOBILITY
THE PERCENTAGE COMPOSITION OF THE DISSOLVED ELEMENTS
IN STREAM OR RIVER WATER RESIDUES (1) IS DIFFERENT FROM THE
PERCENTAGE COMPOSITION OF THE SAME ELEMENTS IN THE ROCKS OF
THE DRAINAGE BASIN. IF THE PERCENTAGE COMPOSITIONS WERE THE
SAME IN THE RESIDUE AS IN THE ROCK THEN THE RELATIVE MOBILITIES
OF THE COMMON ROCK-FORMING ELEMENTS WOULD BE UNITY AND THE TERM
MEANINGLESS. THAT THERE IS A DIFFERENCE IS DUE TO MANY FACTORS.
CHIEF AMONG WHICH IS THE SOLUBILITY OF THE INDIVIDUAL MINERALS
FORMING THE ROCKS OF THE DRAINAGE BASIN.
SOLUBILITY
MANY STUDIES HAVE BEEN MADE, PARTICULARLY IN THE PERIOD
FROM 1850 TO 1900, ON THE SOLUBILITY OF MINERALS UNDER THE ACTION
BY RESIDUE IS MEANT THE SOLIDS OBTAINED BY EVAPORATING FILTERED
STREAM OR RIVER WATERS.
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OF PURE AND CARBONATED WATERS. AS FAR BACK AS l848, THE
ROGERS BROTHERS, W.B. AND R.E. (19), TESTED A VARIETY OF
MINERALS AND FOUND THAT SOME, PARTICULARLY THE FERRO-
MAGNESIANS, WERE PARTIALLY DECOMPOSED AND DISSOLVED BY THE
ACTION OF CARBONATED WATERS. LATER WORK BY JOHNSTONE (11),
CLARKE (5), STEIGER (22), CUSHMAN (7), LEITH AND MEAD (13),
STEVENS (23), AND MANY OTHERS CONFIRMED THESE EARLIER
OBSERVATIONS BY THE ROGERS BROTHERS.
GOLDICH'S STABILITY SERIES
IN 1938, GOLDICH (9), ESTABLISHED AN ORDER OF
STABILITY OR, MORE CORRECTLY, AN ORDER OF RELATIVE
SOLUBILITY FOR THE COMMON IGNEOUS ROCK-FORMING MINERALS
WHICH HE CALLED THE MINERAL-STABILITY SERIES. THIS ORDER
IS SHOWN IN TABLE 1, BELOW. IT IS DIVIDED BECAUSE, AS A
GROUP, THE MAFIC MINERALS ARE LESS RESISTANT TO THE WEATHER-
ING PROCESSES THAN THE SALIC MINERALS.
THE SIMILARITY WITH BOWEN'S REACTION SERIES IS STRIKING.
GOLDICH'S STABILITY SERIES DOES NOT IMPLY, OF COURSE, THAT
THE DIFFERENT MINERALS WILL INVERT ONE INTO THE OTHER ON
WEATHERING. IT DOES IMPLY, HOWEVERO THAT, UNDER ORDINARY
CONDITIONS OF TEMPERATURE AND PRESSURE, THE LAST-FORMED
MINERALS OF IGNEOUS ROCKS ARE MORE RESISTANT TO WEATHERING
PROCESSES THAN THOSE FORMED AT AN EARLIER STAGE OF CRYSTALLIZA-
TION. HE SUGGESTS THAT THE DIFFERENTIAL BETWEEN EQUILIBRIUM
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TABLE 1/ GOLDICH'S STABILITY SERIES
OLIVINE
CALCIC PLAGIOCLASE
AUGITE
CALCI-ALKALIC PLAGIOCLASE
HORNBLENDE ALKALI-CALCIC PLAGIOCLASE
ALKALIC PLAGIOCLASE
BIOTITE
POTASH FELDSPAR
MUSCOVITE
QUARTZ
CONDITIONS AT THE TIME OF FORMATION AND THOSE EXISTING AT
THE SURFACE TODAY GOVERNS THIS ORDER OF STABILITY. LATER
WORK BY PETTIJOHN (16) ADDS BOTH SUPPORT AND MINERALS TO
GOLDICH'S STABILITY SERIES.
OTHER FACTORS
BUT SOLUBILITY, ALTHOUGH MAJOR, IS NOT THE ONLY FACTOR
AFFECTING THE MOBILITY OF THE ELEMENTS. ONCE IN SOLUTIONp
THE ELEMENTS ARE AT THE MERCY OF MANY OTHER FACTORS. THE OTHER
FACTORS INCLUDE; THE EFFECTS OF CHANGING PH, ADSORPTION,
ABSORPTION, COPRECIPITATION, OXIDATION, REDUCTIONO FORMATION
OF COMPLEX IONS, AND THE ACTION OF BIOLOGICAL PROCESSES.
BESIDES THESE ARE MANY PHYSICAL FACTORS, SUCH AS, TEXTURE,
GRAIN SIZE, AND FRACTURES, COMMON TO THE ROCK ITSELF. THUS,
THE MOBILITY OF THE ELEMENTS IS NOT A FUNCTION OF THE
SOLUBILITY ALONE BUT IS THE RESULT OF THE ACTION OF A COMPLEX
- 74.m
SERIES OF VARIABLES WHICH TEND TO MODIFY, TO VARYING DEGREES,
THE MOBILITY OF THE INDIVIDUAL ELEMENTS. IT REMAINS TO BE
SHOWN IN A QUANTITATIVE MANNER, THE FINAL RESULT, OR, THE
OVERALL EFFECT, OF THESE VARIABLES ON THE ROCK-FORMING ELEMENTS.
IN OTHER WORDS, TO ESTABLISH, EMPIRICALLY, THE RELATIVE
MOBILITY OF THE COMMON ROCK-FORMING ELEMENTS.
.8.
EMPIRICAL ESTIMATES OF THE RELATIVE MDBILITY
EMPIRICAL ESTIMATES OF THE RELATIVE MOBILITY ARE USUALLY
OBTAINED BY ONE OR BOTH OF THE FOLLOWING METHODS. THE FIRST
METHOD INVOLVES THE ANALYSIS OF FRESH ROCK AND THE CORRESPOND-
ING RESIDUUM. BY COMPARING THESE ANALYSES THE RELATIVE GAIN-
OR LOSS OF EACH CONSTITUENT CAN BE CALCULATED. THOSE ELEMENTS
SHOWING A GAIN IN THE RESIDUUM WOULD BE RELATIVELY IMMOBILE AS
COMPARED WITH THOSE SHOWING A LOSS. THE SECOND METHOD AND THE
ONE USED IN THIS THESIS INVOLVES THE ANALYSIS OF STREAM AND/OR
RIVER WATER AND THE FRESH ROCK OF THE DRAINAGE BASIN. BY
COMPARING THE PERCENT OF EACH ELEMENT IN THE WATER RESIDUE WITH
THE PERCENT OF THE CORRESPONDING ELEMENTS IN THE ROCK, AN ORDER
OF RELATIVE MOBILITY FOR THE ROCK-FORMING ELEMENTS CAN BE
CALCULATED.
TWO PREVIOUS INVESTIGATORS, SMYTH (20) AND POLYNOV (17),
HAVE USED THE LATTER METHOD TO SHOW THE GENERAL RELATIVE MOBILITY
OF THE ROCK-FORMING ELEMENTS. SMYTH APPLIES IT TO THE SURFACE
OF THE EARTH AS A WHOLE, WHEREAS, POLYNOV APPLIES IT TO IGNEOUS
ROCKS IN GENERAL. BOTH INVESTIGATORS BASE THEIR ESTIMATES ON
PUBLISHED ANALYSES OF ROCKS AND RESIDUES. THEIR ESTIMATES ARE
CONSIDERED IMPORTANT ENOUGH TO WARRANT FURTHER DESCRIPTION
BELOW.
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GENERAL ESTIMATE
SMYTH'S ESTIMATE
SMYTH CONSIDERED, AS A UNIT, THE ENTIRE MASS OF THE
CRUST ACTED UPON BY RAIN WATERS. THUS, BY TAKING THE
OVERALL AVERAGE COMPOSITION OF CRUSTAL ROCKS AND COMPARING
IT WITH THE OVERALL AVERAGE COMPOSITION OF WATER RESIDUES,
HE WAS ABLE TO CALCULATE AN ORDER OF MOBILITY FOR THE
COMMON ROCK-FORMING ELEMENTS.
IN HIS CALCULATIONS HE USED CLARKE'S ESTIMATE FOR
THE AVERAGE COMPOSITION OF THE CRUSTAL ROCKS. CLARKE'S
ESTIMATE REPRESENTS THE AVERAGE COMPOSITION OF A SHELL
10 MILES THICK OF WHICH PROBABLY 95% CONSISTS OF IGNEOUS
ROCKS. SINCE DRAINAGE WATERS ACT ON SURFACE ROCKS THAT ARE
75% SEDIMENTARY, IT WAS NECESSARY TO TAKE THIS INTO ACCOUNT
IN ARRIVING AT A REASONABLE APPROXIMATION FOR THE COMPOSITION
OF SURFACE ROCKS. THUS SMYTH COMBINED SEDIMENTARY WITH IGNEOUS
ROCKS IN THE RATIOS OF THREE TO ONE TO OBTAIN HIS APPROXIMATION.
THESE WEIGHTED AVERAGES, TOGETHER WITH THE AVERAGE COMPOSITION
OF RIVER WATER$ ARE GIVEN IN COLUMNS 1 AND 11 OF TABLE 2, BELOW.
THE VALUES FOR THE RELATIVE MOBILITY (2), COLUMN lll, ARE
OBTAINED BY DIVIDING THE ELEMENTS IN COLUMN 11 BY THE
(2) SMYTH REFERS TO THESE VALUES AS RELATIVE SOLUBILITY;
RELATIVE MOBILITY IS THE MORE SUITABLE TERM.
CORRESPONDING ELEMENTS IN COLUMN I. IT SHOULD BE POINTED
OUT THAT THE FIGURES IN COLUMNS I AND II REPRESENT THE
ACTUAL PERCENTAGE OF EACH CONSTITUENT, AS THE ELEMENTO
RECALCULATED TO 100%. THIS PROCEDURE IS FOLLOWED THROUGH-
OUT IN ORDER THAT THE RELATIVE MOBILITIES, AS CALCULATED
BY THE DIFFERENT INVESTIGATORS, MAY BE READILY COMPARED.
TABLE 2 SMYTH'S ESTIMATE OF THE RELATIVE MOBILITY
I I
WATER
RESIDUES *
52.63
16-51
8.79
3.95
14-o6
4.o6
100.00
IlIl
RELATIVE MOBILITY(I/)
6.65
6.31
2.42
0.79
0.24
0.17
1.00
* RECALCULATED TO EQUAL 100%.
THUS THE FIGURES IN COLUMN III GIVE SOME IDEA OF THE
RELATIVE RATES AT WHICH THE VARIOUS ELEMENTS TRAVEL.
ASSUMING THE ACCURACY OF THE FIGURES USED IN COLUMNS I AND 112
IT FOLLOWS THAT: CA AND NA APPEAR TO MOVE AT ROUGHLY THE
SAME RATE; MG ABOUT ONE-THIRD THIS RATE; K ABOUT ONE-NINTH
ELEMENT
CA
NA
MG
K
SI
(AL, FE)
SURFACE
ROCKS *
7.91
2.62
3.63
4.95
57-70
23.19
100.00
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THIS RATE; SI ABOUT ONE-THIRTIETH THIS RATE; AND AL AND FE
TOGETHER, ABOUT ONE-SIXTIETH THIS RATE. TAKING THE ELEMENTS
IN GROUPS IT CAN BE SAID THAT THE ALKALIS AND ALKALINE EARTH
ELEMENTS ARE MORE MOBILE THAN THE MORE ABUNDANT ROCK-FORMING
CONSTITUENTS Si, AL, AND FE.
THE RELATIVE MOBILITIES, AS EXPRESSED ABOVE, GIVE
SOME INDICATION OF THE GENERAL TREND. IT IS DESIRABLE TO
COMPARE THIS GENERAL TREND WITH A MORE SPECIFIC ONE, AS
CALCULATED INDEPENDENTLY BY POLYNOV, FOR IGNEOUS ROCKS AND
THEIR DRAINAGE BASINS.
POLYNOV'S ESTIMATE
POLYNOV CONSIDERED, AS A UNIT, THE TOTAL MASS OF
SURFACE IGNEOUS ROCKS ACTED UPON BY RAIN WATERS. THUS, TO
OBTAIN HIS ORDER OF RELATIVE MOBILITIES, HE COMPARED THE AVERAGE
COMPOSITION OF IGNEOUS ROCKS WITH THE AVERAGE COMPOSITION OF
WATER RESIDUES WHICH DRAIN AREAS OF IGNEOUS ROCKS.
IN HIS CALCULATIONS HE USED FERSMAN'S AVERAGE FOR
THE COMPOSITION OF IGNEOUS ROCKS. THE AVERAGE COMPOSITION
OF WATER RESIDUES WAS OBTAINED FROM CLARKE (6) AND REPRESENTS
THE AVERAGE OF 30 ANALYSES OF WATERS BELIEVED TO DRAIN ONLY
IGNEOUS AREAS. THESE AVERAGES ARE SHOWN IN TABLE 3, COLUMNS
IV AND V. COLUMN VI IS POLYNOVS ESTIMATE OF THE RELATIVE
MOBILITY OF THE COMMON ROCK-FORMING ELEMENTS.
12 - I
TABLE ~/POLYNOV'S ESTIMATE OF THE RELATIVE MOBILITY
IV
IGNEOUS
ROCKS *
6.94
5.72
4.o6
4-95
53-00
15.55
9.78
100.00
V
WATER
RESIDUES *
36.64
23.56
12.16
10.91
14.88
1.16
0.69
100.00
Vi
RELATIVE MOBILITY
(V/IV)
5.27
4.12
2.99
2.20
0.28
0.075
0.071
1.00
* RECALCULATED TO EQUAL 100%.
THE SIMILARITY BETWEEN POLYNOV'S FIGURES, COLUMN VI, AND
SMYTH'S, COLUMN |II1 IS STRIKING. BOTH THE ORDER AND
MAGNITUDE ARE ROUGHLY THE SAME. ONE NOTABLE EXCEPTION IS
THE RELATIVE INCREASE IN THE MOBILITY OF K IN AREAS OF
IGNEOUS ROCKS. THIS IS PROBABLY THE RESULT OF THE GREATER
RESISTANCE TO WEATHERING OF THE K-BEARING CLAY MINERALS
IN SEDIMENTARY ROCKS AS COMPARED WITH K-BEARING MINERALS
IN IGNEOUS ROCKS.
ELEMENT
CA
NA
MG
K
sI
AL
FE
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DISCUSSION OF SMYTHt S AND POLYNOV'S ESTIMATES
BY COMPARING THE COMPOSITION OF THE WATER RESIDUES
WITH THE COMPOSITION OF THE ROCKS COMPRISING THE DRAINAGE
BASINS, AS DONE BY SMYTH AND POLYNOV, A GENERAL ESTIMATE
OF THE RELATIVE MOBILITY CAN BE CALCULATED. WHETHER
THESE ESTIMATES ARE VALID OR NOT DEPENDS, TO A LARGE
EXTENT, ON THE ASSUMPTIONS USED IN THEIR CALCULATIONS.
THE MAJOR ASSUMPTIONS, BY BOTH INVESTIGATORS, INVOLVES
THE COMPOSITION OF THE ROCKS OF THE DRAINAGE BASINS.
SMYTH, IN HIS ESTIMATE OF THE COMPOSITION OF SURFACE
ROCKS, COMBINES SEDIMENTARY WITH IGNEOUS ROCKS IN THE
RATIOS OF THREE TO ONE. LIMESTONES, DOLOMITES, SANDSTONES,
AND SHALES ARE THE PREDOMINANT ROCK TYPES INCLUDED UNDER
THE CLASSIFICATION OF SEDiMENTARY ROCKS. EACH OF THESE
ROCK TYPES CONTAINS MINERALS HAVING WIDELY DIFFERENT
SOLUBILITIES SO THAT THE PROPORTIONS OF EACH ROCK TYPE
USED IN COMPUTING AN AVERAGE COMPOSITION FOR THE SEDIMENTARY
ROCKS IS OF CRITICAL IMPORTANCE. IF THE LIMESTONE AND/OR
DOLOMITE CONTENTS ARE OVER-ESTIMATED THEN HIGH RELATIVE
MOBILITIES FOR THE CA AND MG CAN BE EXPECTED. THE HIGH
RELATIVE MOBILITIES WOULD BE FURTHER ENLARGED BY THE GREATER
SOLUBILITY OF THE MINERALS IN THE LIMESTONES AND DOLOMITES
AS COMPARED WITH THOSE IN THE SANDSTONES AND SHALES.
THE PROPER WEIGHTING FOR THE DIFFERENT ROCK TYPES IS
EQUALLY IMPORTANT IN POLYNOV'S ESTIMATE FOR AREAS UNDERLAIN
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BY IGNEOUS ROCKS. THE AVERAGE COMPOSITION OF IGNEOUS ROCKS
REPRESENTS THE WEIGHTED AVERAGE OF FELSIC ROCKS, WHICH
CONTAIN RELATIVELY INSOLUBLE MINERALS, AND MAFIC ROCKS,
WHICH CONTAIN RELATIVELY SOLUBLE MINERALS. THUS, HIGH OR
LOW MOBILITIES COULD RESULT FROM IMPROPER WEIGHTING OF THE
VARIOUS ROCK TYPES. THESE ANOMALIES WOULD BE DEFINITELY
ENLARGED BY THE FACT THAT THE ROCK TYPES: AS A UNITS HAVE
DIFFERENT SOLUBILITIES.
TAKING INTO ACCOUNT THE ABOVE ASSUMPTIONS PLUS THE
ASSUMPTION THAT THE STREAM WATERS DO ACTUALLY DRAIN THE
AREAS IN WHICH THE ROCKS HAVE THE COMPOSITION AS STATED,
IT MAY BE SAID THAT THE ABOVE ESTIMATES OF THE RELATIVE
MOBILITIES EXPRESS ONLY A GENERAL RELATION. PETROLOGIC,
CLIMATIC, AND TOPOGRAPHIC VARIABLES ARE NECESSARILY
ABSORBED IN THE GENERAL AVERAGES USED BY SMYTH AND POLYNOV.
THE WRITER BELIEVES THAT THE ASSUMPTIONS USED IN THE ABOVE
CALCULATIONS CAN BE AVOIDED, OR DEFINITELY MINIM4ZED, BY
CONSIDERING THE RELATIVE MOBILITY IN A SPECIFIC AREA. WITH
THIS IN MINDS THREE AREAS IN THE CONNECTICUT VALLEY REGION
OF NEW HAMPSHIRE AND VERMONT WERE ANALYSED AND THE RELATIVE
MOBILITIES OF THE COMMON ROCK-FORMING ELEMENTS CALCULATED.
THE ANALYTICAL DATA PLUS THE CALCULATIONS WILL BE DESCRIBED IN
CONSIDERABLE DETAIL IN THE NEXT SECTION.
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SPECIFIC ESTIMATE
IT FOLLOWS FROM THE ABOVE WORK OF SMYTH AND POLYNOV
THAT A SPECIFIC ESTIMATE OF THE RELATIVE MOBILITY CAN BY
OBTAINED BY COMPARING THE COMPOSITION OF THE ROCK IN ONE
LOCAL AREA WITH THE COMPOSITION OF THE WATER RESIDUES
OBTAINED FROM THIS AREA. UNLIKE THE ABOVE GENERAL ESTIMATE,
HOWEVERS THE SPECIFIC ESTIMATE CAN BE MORE CLOSELY CONTROLLED.
AN AREA OF HOMOGENEOUS ROCK, SUCH AS A SMALL IGNEOUS STOCK,
CAN BE SAMPLED AND, BY VISUAL INSPECTION, ONE CAN BE REASON-
ABLY ASSURED THAT THE STREAM'S DRAINAGE BASIN IS CONFINED TO
THIS AREA OF SAMPLED ROCK.
BEFORE DISCUSSING THE RESULTS IT SEEMS BOTH DESIRABLE
AND APPROPRIATE TO DESCRIBE THE AREAS SAMPLED, AND THE
ANALYTICAL DATA USED IN CALCULATING THE RELATIVE MOBILITIES.
LOCATION AND DESCRIPTION OF SAMPLED AREAS.
OF CRITICAL IMPORTANCE WAS THE SELECTION OF AN AREA
IN WHICH A STREAM FLOWED OVER A ROCK OF UNIFORM COMPOSITION.
HIGH RELIEF COMBINED WITH A MINIMUM OF GLACIAL OVERBURDEN
WERE ALSO DESIRABLE FEATURES. PROFESSOR MACDONALD PROVED
HELPFUL IN SUGGESTING POSSIBLE AREAS TO SAMPLE AND, GUIDED
BY HIS SUGGESTIONS, THREE AREAS - TWO IN NEW HAMPSHIRE AND
ONE IN VERMONT - WERE CHOSEN (FIG. 1). UPON PERSONAL
U-/6-
F/7re Z. - d 6017zc~ 0/ X1,p/Q 4 Yc
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INSPECTION OF THESE AREAS IT WAS FOUND THAT THE ROCK WAS
UNIFORM INt COMPOSITION AND THE STREAM'S DRAINAGE BASIN
WAS CONFINED TO THIS AREA OF HOMOGENEOUS ROCK.
SAMPLE 1-AB: LITTLETON SCHIST, KINSMAN NOTCH, NEW HAMPSHIRE
SAMPLES WERE COLLECTED FROM BEAVER BROOK WHICH DRAINS
THE NORTHEAST SLOPE OF MT. BLUE (ELEVATION = 4530 FT.) ABOUT
3/4 OF A MILE WEST OF KINSMAN NOTCH, NEW HAMPSHIRE. ACCORD-
ING TO BILLINGS (2), THE ROCKS OF THIS AREA CONSIST OF MICA
SCHIST, QUARTZ-MICA-SCHIST$ GARNET SCHIST, STAUROLITE-
SILLIMANITE SCHIST AND SILLIMANITE SCHIST. ROCK SAMPLES WERE
TAKEN ALONG THE BROOK FOR CONSIDERABLE DISTANCE AND$ ALTHOUGH
THERE APPEAR TO BE MANY DIFFERENT ROCK TYPES INVOLVED$ THIS
METHOD OF SAMPLING AND THE SIMiLARITY OF THE MEMBERS OF THE
METAMORPHIC ROCK SEQUENCE WOULD TEND TO CANCEL THIS APPARENT
INHOMOGENEITY.
SAMPLE 2.-AB: OLIVERIAN GRANITE, MASCOMA, NEW HAMPSHIRE.
SAMPLES WERE COLLECTED FROM A SMALL STREAM LOCATED ON
THE EAST SLOPE OF MOOSE MOUNTAIN (APPROXIMATE ELEVATION=
2000 FT.) ABOUT l/4 OF A MILE NORTH OF GROSS NEIGHBORHOOD
SCHOOL, NEW HAMPSHIRE. ACCORDING TO CHAPMAN (3)0 THE OVERALL
COMPOSITION OF THIS GROUP OF ROCKS RANGES FROM QUARTZ DIORITE
TO GRANITE. MAJOR MINERALS ARE QUARTZ$ MICROCLINE, OLIGOCLASE,
AND BIOTITE. MINOR ACCESSORIES ARE MUSCOVITE, EPIDOTE$ SPHENE,
MAGNETITE$ ZIRCON$ APATITE$ AND SERICITE. THE ROCKS FROM
AROUND GROSS NEIGHBORHOOD SCHOOL ARE CONSISTENTLY PINK
GRANITES AND, THEREFORE, THE REQUIREMENT OF ROCK
HOMOGENEITY IS SATISFIED.
SAMPLE 3-AB: BLACK MOUNTAIN GRANITE, BRATTLEBORO, VERMONT.
SAMPLES WERE COLLECTED FROM A SMALL SPRING ENTERING
THE ABANDONED PRESBREY-LELAND COMPANY QUARRY. THE QUARRY
IS LOCATED ON THE WEST SLOPE OF BLACK MOUNTAIN (APPROXIMATE
ELEVATION = 1300' FT.) ABOUT 51 MILES NORTHEAST OF
BRATTLEBORO, VERMONT. THE ROCK TYPE, ACCORDING TO CHURCH
(4), IS A LEUCOGRANODIORITE. MAJOR MINERALS ARE QUARTZ,
MICROCLINE, ALBITE-OLIGOCLASE, MUSCOVITEp AND BIOTITE.
MINOR ACCESSORIES ARE ORTHOCLASE, MAGNETITE, GARNET, AND
EPIDOTE. WITH REGARD TO THE UNIFORMITY OF THE ROCK, CHURCH
SAYS:
"PLOT OF TRAVERSES SHOWED A HIGH DEGREE OF UNIFORMITY
THROUGHOUT THE ENTIRE AREA EXCEPT FOR A SLIGHTLY
HIGHER PERCENTAGE OF BIOTITE IN THE SOUTHERN PART OF
THE IGNEOUS MASS."
SAMPLING PROCEDURE.
CHIP SAMPLES OF RELATIVELY FRESH ROCK WERE TAKEN
FOR SOME DISTANCE UPSTREAM FROM WHERE THE WATER SAMPLES
WERE COLLECTED. SIX TO EIGHT LITRE WATER SAMPLES WERE
COLLECTED NEAR THE BASE OF THE SLOPE AND STORED IN
POLYETHYLENE CONTAINERS. TEMPERATURE AND PH WERE MEASURED
AT THE TIME OF COLLECTION. TABLE 4 SUMMARIZES THE DATA
as 18 -
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OBTAINED FOR TEMPERATURE, PH, AND SALINITY OF THE WATER
SAMPLES.
TABLE 4 - LOCATION, TEMPERATURE, PH, AND SALINITY OF
WATER SAMPLES.
LOCATION
KINSMAN NOTCH, N.H.
MASCOMA, N.H.
BRATTLEBORO, VT.
TEMPERATURE
Oc
2.0
6.o
9.0
PH SALINITY
MG/L I TRE
5.4 10.9
6.1 20.6
5.6 15.2
ANALYTICAL DATA
(A) FOR WATERS: A COMBINATION OF WET CHEMICAL AND FLAME
PHOTOMETRIC METHODS WERE USED TO DETERMINE THE CONCENTRATIONS
OF THE VARIOUS ELEMENTS IN THE STREAM WATERS. THE METHODS
USED WERE THOSE RECOMMENDED BY 'STANDARD METHODS' (21). A
COMPLETE DESCRIPTION OF EACH METHOD, TOGETHER WITH THE
RESULTS OBTAINED, ARE GIVEN IN THE APPENDIX. THE FIGURES FOR
THE CONCENTRATION OF EACH ELEMENT ARE GIVEN IN TABLE 5.
SAMPLE
No.
1 -A
2-A
3-A
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TABLE 5/ CONCENTRATION OF ELEMENTS IN STREAM SAMPLES.
CONCENTRATION *
1-A 2-A
29.44 15-09
25.37 42.64
11.30 17.35
7.44 3.03
23.99 21.49
0.39 0.26
2.07 0.14
100.00100.00
(% BY WHT.)
3-A
12.80
27.61
22.33
3.19
32.62
0.25
1.20
100.00
* RECALCULATED TO EQUAL 100%.
(B) FOR ROCKS: THE MUTUAL STANDARD METHOD, AS OUT-
LINED BY DENNEN AND FOWLER (8), WAS USED IN THE ANALYSIS
OF THE ROCK SAMPLES. A DESCRIPTION OF THE METHOD, TOGETHER
WITH THE RESULTS OBTAINED, IS GIVEN IN THE APPENDIX.
FIGURES FOR THE CONCENTRATIONS OF THE VARIOUS ELEMENTS IN
THE ROCKS OF THE DRAINAGE BASINS ARE GIVEN IN TABLE 6.
ELEMENT
MG
CA
NA
K
Si
FE
AL
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TABLE 6/ CONCENTRATION OF ELEMENTS IN ROCK SAMPLES.
ELEMENT CONCENTRATION *
1-8 2-B 3-B
MG 1.90 0.42 0.26
CA 4.54 2.36 2.15
NA 2.31 4.04 3.94
K 8.39 5.10 6.o4
Si 64.70 73.20 72.20
FE 6.24 2.61 2.07
AL 11.25 12.10 13.24
MN 0.09 0.06 o.o4
Ti 0.58 0.11 o.o6
100.00 100.00 100.00
* RECALCULATED TO EQUAL 100%.
CALCULATION OF THE RELATIVE MOBILITY
THE RELATIVE MOBILITIES OF THE COMMON ROCK-FORMING
ELEMENTS IN THE CONNECTICUT VALLEY REGION ARE SHOWN IN
TABLE 7, COLUMNS VI, V1I1, AND IX. THE NUMBERS 1,2,3,
REFER TO THE SAMPLE LOCATIONS; (1) KINSMAN NOTCH,
(2) MASCOMA, AND (3) BRATTLEBORO. THE LETTERS, A AND B,
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REFER TO THE CONCENTRATION OF THE ELEMENTS IN (A) WATER
RESIDUES AND (B) ROCKS. THE FIGURES FOR RELATIVE MOBILITY
ARE THUS OBTAINED FROM THE RATIOS A/B.
TABLE J RELATIVE MOBILITY OF THE ELEMENTS IN THE
CONNECTICUT VALLEY REGION.
ELEMENT RELATIVE MOBILITY
Vil Vill Ix
1(A/B) 2(A/B) 3(A/B)
MG 15.48 35.90 69.50
CA 5.58 18.o1 12.82
NA 4.89 4.29 5.67
K o.88 0-59 0-52
sI 0.37 0.29 o.45
FE o.o6 0.09 0.12
AL o.18 0.01 0.09
THUS THE ORDER OF MOBILITY FOR THE COMMON ROCK-
FORMING ELEMENTS IS THE SAME FOR AREAS CONTAINING A
SCHIST, A GRANITE, AND A LEUCOGRANODIORITE. THE
MAGNITUDE VARIES SLIGHTLYp PARTICULARLY WITH REGARD TO
THE MOST MOBILE CONSTITUENTS - CA AND MG. BEFORE
DISCUSSING THE ORDER AND MAGNITUDE OF THE RELATIVE
MOBILITIES IN THE CONNECTICUT VALLEY REGION, IT IS
INSTRUCTIVE TO CONSIDER SMYTH'S ESTIMATE OF THE RELATIVE
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MOBILITIES IN THE PIKES PEAK AREA OF COLORADO.
SMYTH CONSIDERED, AS A UNIT, THE AREA OF THE PIKES
PEAK GRANITE THAT WAS DRAINED BY THE CACHE A LA POUDRE
RIVER. IN HIS CALCULATIONS HE USED THE PUBLISHED ANALYSES
FOR THE CONCENTRATIONS OF THE ELEMENTS IN THE ROCK AND WATER.
ASSUMING THE HOMOGENEITY OF THE PIKES PEAK GRANITE AND THE
FACT THAT THE CACHE A LA POUDRE RIVER, IN ITS UPPER COURSE,
DOES ACTUALLY DRAIN ONLY THE PIKES PEAK GRANITEO THEN THE
ESTIMATE OF RELATIVE MOBILITIES, AS SHOWN IN TABLE 8,
COLUMN XI, MAY BE CONSIDERED A SPECIFIC ONE.
TABLE 8/ RELATIVE MOBILITY OF THE ELEMENTS IN THE PIKES
PEAK AREA.
X XI XIl
ELEMENT PIKES PEAK CACHE A LA RELATIVE MOBILITY
GRANITE * POUDRE RIVER * XI/X
MG o.08 6.92 86.60
CA 1.03 35.21 34-4o
-NA 4-51 25.23 5.61
K 9.64 6.44 0.67
SI 68-52 25.62 0.37
(AL, FE) 16.22 0.58 0.03
100.00 100.00 1.00
* RECALCULATED TO EQUAL 100%.
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THE ORDER AND MAGNITUDE OF MOBILITIES IN THE PIKES
PEAK AREA ARE ROUGHLY THE SAME AS THOSE IN THE CONNECTICUT
VALLEY REGION. THIS SIMILARITY, IN ITSELF, IS REMARKABLE.
THE ORDER OF MOBILITY AS FOUND FOR THE TWO WIDELY SEPARATED
AREAS IS BELIEVED TO BE THE DIRECT RESULT OF THE DIFFERING
SOLUBILITIES OF THE MINERALS FORMING THE ROCKS OF THE
DRAINAGE BASINS. THUS, REFERRING TO GOLDICH'S STABILITY
SERIES THE MG-BEARING MINERALS ARE MORE SOLUBLE THAN THE CA-
BEARING FELDSPARS, WHICH IN TURN ARE MORE SOLUBLE THAN THE
NA-BEARING FELDSPARSO AND SO ON.
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DISCUSSION OF SPECIFIC AND GENERAL ESTIMATES
SMYTH'S AND POLYNOV'S GENERAL ESTIMATES TOGETHER
WITH THE WRITER'S SPECIFIC ESTIMATES FOR THE RELATIVE
MOBILITIES ARE SHOWN IN FIGURE 2. PLOTTED IN THIS WAY,
THE RELATIVE MOBILITIES MAY BE READILY COMPARED.
THE SPECIFIC ESTIMATES OF THE RELATIVE MOBILITIES
DIFFERS BOTH IN ORDER AND MAGNITUDE, FROM THE GENERAL
ESTIMATES. WITH REGARD TO THE ORDER OF MOBILITY, THE MOST
STRIKING DIFFERENCE IS THE PRONOUNCED INCREASE IN THE
RELATIVE MOBILITIES OF CA AND MG IN THE SPECIFIC ESTIMATES.
AND, IN FACT, MG HAS NOW TAKEN THE PLACE OF CA AS THE MOST
MOBILE CONSTITUENT. THE ORDER OF MOBILITY FOR THE REMAINING
ELEMENTS, WITH THE EXCEPTION OF AL, REMAINS UNCHANGED.
WITH REGARD TO THE MAGNITUDE OF THE MOBILITIES,
BOTH CA AND MG SHOW A MARKED INCREASE IN MOBILITY WHEN
CALCULATED FOR A SPECIFIC AREA. AL ALSO SHOWS MARKED
CHANGES. THE FLUCTUATIONS IN THE MAGNITUDE OF THE RELATIVE
MOBILITIES MAY INDICATE THE DEGREE TO WHICH SOME OF THE
ELEMENTS ARE AFFECTED BY VARIATIONS IN LOCAL CONDITIONS OF
PETROLOGY, CLIMATE, AND TOPOGRAPHY. IF THIS BE TRUE THEN
IT MAY BE SAID THAT CA, MG, AND AL ARE SENSITIVE TO CHANGES
IN LOCAL CONDITIONS, AS REFLECTED IN THE RELATIVE MOBILITIES,
WHEREAS, NA, K, Si, AND FE ARE INSENSITIVE TO LOCAL
VARIATIONS AND THE MAGNITUDE OF THE MOBILITIES REMAINS
FAIRLY CONSTANT.
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CONCLUS IONS
THE COMPARATIVE RATES AT WHICH ELEMENTS, IN IONIC
AND/OR COLLOIDAL FORM, MOVE IN THE SURFACE WATERS ARE
GIVEN NUMERICAL VALUES BY COMPARING THE COMPOSITION OF THE
WATER RESIDUES WITH THE COMPOSITION OF THE ROCKS FORMING
THE DRAINAGE BASINS. THE RESULTING NUMERICAL VALUES
EXPRESS THE RELATIVE RATES AT WHICH THE DIFFERENT ELEMENTS
TRAVEL IN STREAM WATERS.
APPLYING THE ABOVE PRINCIPLE TO THREE AREAS IN THE
CONNECTICUT VALLEY REGION, THE RELATIVE MOBILITIES WERE
CALCULATED. FOR AREAS CONTAINING A SCHIST, A GRANITE, AND
A LEUCOGRANODIORITE, THE ORDER OF DECREASING MOBILITY IS;
MG, CA, NA, K, Si, FE, AND AL. THIS SAME ORDER WAS
CALCULATED, BY SMYTH, FOR A GRANITE AREA IN THE PIKES
PEAK AREA OF COLORADO. CONSIDERED IN GROUPS IT CAN BE
SAID THAT THE ALKALINE EARTH AND ALKALI ELEMENTS ARE MORE
MOBILE THAN SI WHICH IN TURN IS MORE MOBILE THAN FE AND
AL. IT IS BELIEVED THAT THE ORDER OF MOBILITY AS
CALCULATED IS A REFLECTION OF THE DIFFERING SOLUBILITIES
OF THE MINERALS FORMING THE ROCKS OF THE DRAINAGE BASINS.
THE ORDER OF DECREASING MOBILITY, AS CALCULATED BY
SMYTH AND POLYNOV, IS CA, NA, MG, K, Si, AND (AL, FE).
THIS ORDER IS CONSIDERED TO BE THE ORDER FOR THE SURFACE
OF THE EARTH AS A WHOLE (SMYTH) AND FOR IGNEOUS ROCKS IN
GENERAL (POLYNOV). THE CALCULATION OF THE RELATIVE
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MOBILITY FOR A SPECIFIC AREA NECESSARILY AVOIDS THE
SWEEPING ASSUMPTION REGARDING THE COMPOSITION OF THE
ROCKS IN THE DRAINAGE BASINS AND THE ASSUMPTION THAT
THE STREAM WATERS DO ACTUALLY DRAIN THE AREAS IN WHICH
THE ROCKS HAVE THE COMPOSITION AS STATED. IN VIEW OF
THESE SWEEPING ASSUMPTIONS, AND IN VIEW OF THE FACT THAT
THREE SPECIFIC AREAS IN NEW ENGLAND AND ONE IN COLORADO
YIELDED ORDERS AND MAGNITUDES OF MOBILITY THAT WERE
ROUGHLY THE SAME, IT IS POSSIBLE THAT THE GENERAL
ESTIMATES, AS CALCULATED BY SMYTH AND POLYNOV, MAY BE
IN ERROR. THIS POSSIBILITY CAN BE SUPPORTED OR REFUTED
BY FURTHER ANALYSES OF SPECIFIC AREAS AND ROCK TYPES.
THE DETERMINATION OF THE RELATIVE MOBILITIES OF
THE MAJOR ROCK-wFORMING ELEMENTS IS THE FIRST STEP IN
THE BETTER UNDERSTANDING OF DISPERSION PATTERNS OF THE
ORE MINERALS AROUND POTENTIAL ORE DEPOSITS. LATERITE
AND BAUXITE DEPOSITS OWE THEIR FORMATION TO THE RELATIVE
IMMOBILITY OF FE AND AL IN TROPICAL CLIMATES. WITH
REGARD TO THE MINOR ELEMENTS, PB IS CONSIDERED TO BE ONE
OF THE IMMOBILE ELEMENTS. IF A HIGH CONCENTRATION OF PB
IS FOUND IN THE RESIDUUM THEN THE PLACE TO LOOK FOR THE
SOURCE OF THIS PB IS DIRECTLY BELOW THE ANOMALY. IN VIEW
OF THIS PRACTICAL APPLICATION, IT IS DESIRABLE TO ESTABLISH
AN ORDER OF MOBILITY FOR BOTH THE MAJOR AND THE MINOR
ELEMENTS. IT IS HOPED THAT, WITH THE DEVELOPMENT OF MORE
SENSITIVE TECHNIQUES FOR THE ANALYSIS OF MINOR ELEMENTS IN
STREAM WATERS, SUCH AN ORDER WILL BE ESTABLISHED IN THE
NEAR FUTURE.
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APPENDIX
SPECTROCHEMICAL AND CHEMICAL
METHODS OF ANALYSIS
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SPECTROCHEMICAL METHODS OF ANALYSIS
(A) MUTUAL STANDARD METHOD FOR ROCK ANALYSIS
MUTUAL STANDARD METHOD, AS OUTLINED BY DENNEN AND
FOWLER (8), PROVIDES AN EASY, RAPIDS AND ACCURATE METHOD
FOR SILICATE ROCK ANALYSIS. THE READER IS REFERRED TO THE
ABOVE WORK FOR A GOOD DESCRIPTION OF THE PRINCIPLES
INVOLVED IN MUTUAL STANDARDIZATION. HEREIN WILL BE
DESCRIBED THE OPERATING PROCEDURE, MEASUREMENTS, AND
CALCULATIONS LEADING UP TO THE DETERMINATION OF THE
VARIOUS ELEMENTS IN THE SILICATE ROCKS.
OPERATING PROCEDURE
PREPARATION OF SAMPLES AND STANDARDS
THE SAMPLES WERE REDUCED, BY CRUSHING AND FINE
GRINDING, TO -100 MESH AND IGNITED AT ABOUT 8oo0 C TO
DETERMINE THE LOSS ON IGNITION. SAMPLES WERE THEN
MIXED 1:1 WITH CARBON POWDER AND LOADED INTO 1/8 INCH
CARBON ELECTRODES HAVING A DIAMETER OF 1 MM AND A DEPTH
OF 4 MM. THE APPROXIMATE WEIGHT OF SAMPLE PER ELECTRODE
WAS 8 MILLIGRAMS.
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STANDARD MIXTURES OF G-1 AND W-1, IN VARYING
PROPORTIONS, WERE PREPARED AS ABOVE. THE PROPORTIONS
OF G-1 AND W-1 USED, TOGETHER WITH THE WEIGHTED AVERAGES
OF THE MAJORS (AS % OXIDE) AND MINORS (AS PPM ELEMENT),
ARE GIVEN IN TABLE 9.
TABLE 9/ STANDARDS
(A) MAJOR ELEMENTS % OXIDE
S-1* S-2 S-3 s-4
SIO 2  72.45 68.46 62.46 52-50
Ti0 2  0.25 o.41 0.65 1.05
AL2 03  14.30 14.47 14-73 15-15
TOTAL FE AS FE203  1.90 3.74 6.50 11-10
MNO 0-025 0.054 0.098 0.17
MGO 0.45 1.69 3-55 6.65
CAO 1-35 3.27 6.15 10.95
NA20 3-35 3.10 2.73 2.10
K20 5.45 4.49 3.05 0.65
(8) MINOR ELEMENTS PPM ELEMENT
Cu 11 31 6o 110
Co 4 10 20 36
NI 5 22 47 90
PB 27 23 17 7
* S-1 G-1 S-3 G.-1 W-1 (1:1)
S-2 G-1 W-1 (4:1) s--4 W-1
OPT I CS
WAVELENGTH RANGE
EXTERNAL OPTICS
Focus
INCLINED SCREW
SLIT HEIGHT
SLIT WIDTH
SECTOR STEPS
AMPERAGE
ExCITATION
- QUARTZ
- 2650 - 4100 ANGSTROMS
- SHORT FOCUS (CONVERGENCE AT SLIT)
- 2.0
- 11
- 10.5 MM
- 0.06 MM
4.7
- 6 AMP.
- ANODE
ARCING PROCEDURE
A TOTAL OF 4 PLATES WERE RUN AND EACH PLATE CONTAINED
SEVEN SPECTRA. THE BLOCK SYSTEM WAS USED IN ORDER TO HAVE
SOME CHECKS BETWEEN PLATES. THE ARCING OUTLINE IS SHOWN IN
TABLE 11, WHERE S-1, S-2, S-3, s-4 ARE STANDARDS AND A-1, A-2,
A-3 ARE UNKNOWNS.
TABLE Ul/ ARCING OUTLINE
PLATE 1
S-1
S-11
S-1
A-1i
A-1
A-1
A-2
PLATE 2
S-i
S-2
S-2
S..2
A-2
A-2
A-2
PLATE 3
S-2
S-3
S-3
S-3
A-2
A-3
A-3
PLATE 4
S-3S-4
S-4
s-4
S-1
A-3
A-1
INSTRUMENT SETUP
INSTRUMENT SETTINGS ARE SUMMARIZED IN TABLE 10.
TABLE 10/ INSTRUMENT SETTINGS
- 36 -
- 37 -
THE SAMPLES WERE EXCITED AT THE ANODE AND BURNED TO
COMPLETION (90 SEC.) AT 6 AMPERES. SEVEN SECTOR STEPS TRANSM
MITTING 1/2 TO 1/128 OF THE INCIDENT LIGHT PROVIDED SUFFICIENT
SELECTION OF LINE INTENSITIES.
PHOTOGRAPHIC PROCESS
EASTMAN 103-0 PHOTOGRAPHIC PLATES WERE USED AS THEY
ARE MORE SENSITIVE TO THE MINOR ELEMENTS. EACH PLATE WAS
DEVELOPED IN A FRESH BATCH OF D-19 DEVELOPER. THIS PROCEDURE
WAS FOLLOWED IN ORDER TO AVOID ANY IRREGULARITIES THAT MAY BE
INTRODUCED BY USING PROGRESSIVELY WEAKENED DEVELOPER. ALSO,
THE TIME SAVED IS CONSIDERABLE.
MEASUREMENTS AND CALCULATIONS
CALIBRATION CURVES
FIVE CALIBRATION CURVES (AL,CAFEZRK) WERE DRAWN
FOR EACH PLATE. EACH CURVE WAS USED FOR CALCULATING THE
RELATIVE INTENSITY OF THE FOLLOWING ELEMENTS:
AL FOR ALMGMN
CA FOR CAPB,Ti,Si
FE FOR FE, CUNA
ZR FOR ZR, Co,Ni
K FOR K
CALIBRATION CURVES FOR BACKGROUND WERE ALSO MADE
AND FITTED TO THE LINE CALIBRATION CURVES. BACKGROUND
DEFLECTION READINGS WERE MADE ALONG WITH EACH LINE READING
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AND, AFTER CONVERTING TO RELATIVE INTENSITY, WERE SUBTRACTED
FROM THE VALUES FOR LINE INTENSITY. THUS, BACKGROUND
VARIATIONS, BOTH WITHIN AND BETWEEN PLATES, WERE CORRECTED
AND A GOOD CORRELATION BETWEEN PLATES WAS POSSIBLE.
WORKING CURVES
A PLOT (WORKING CURVE) OF INTENSITY RATIO VERSUS
CONCENTRATION RATIO OF THE STANDARDS WAS USED TO COMPUTE
THE CONCENTRATION RATIOS OF THE UNKNOWNS. A LINE SHIFT OF
THE WORKING CURVE FOR CA, FE, AND K NECESSITATED THE DRAWING
OF TWO CURVES FOR THESE ELEMENTS; ONE FOR PLATES 1, 2, 3,
AND ANOTHER FOR PLATE 4.
THE MINOR ELEMENT CONCENTRATIONS WERE OBTAINED FROM
A WORKING CURVE BASED ON VALUES OF CONCENTRATION VERSES
INTENSITY FOR THE STANDARDS.
RESULTS
THE CONCENTRATIONS OF THE MAJOR AND MINOR ELEMENTS
ARE GIVEN IN TABLE 12. No CHEMICAL ANALYSES WERE AVAILABLE
FOR COMPARISON, HOWEVER, THE PRECISION WAS EXCELLENT, AND,
ON THE BASIS OF THIS HIGH PRECISION, IT IS BELIEVED THAT
THE ACCURACY IS GOOD ALSO.
.9
(B) MINOR ELEMENTS - PPM ELEMENT
15
16
5 21
S:02
T 102
AL2 03
TOTAL FE As FE203
MNO
MGO
CAO
NA20
K2 0
TOTAL
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TABLE 12/ CONCENTRATION OF UNKNOWNS
(A) MAJOR ELEMENTS - % OXIDE
A-1i A-3
70.6
0-521
11.20
4.73
0.062
1.68
3.38
1.66
5-34
99.173
o.104
11.68
1.85
o.o3
0.37
1.70
2.69
77.2
0.057
12.87
1-53
0.028
0.21
1.52
2.69
3.14
98.832
3.69
99.792
A-2
76.7
- -
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(B) ADDITION METHOD FOR WATER ANALYSIS
IT WAS THOUGHT THE OPTICAL SPECTROGRAPH COULD BE
USED TO ADVANTAGE IN ANALYSING THE WATER RESIDUES. BESIDES
BEING A FAST METHOD OF ANALYSIS, IT WOULD ALSO ALLOW THE
DETECTION OF SOME ELEMENTS WHICH ARE BELOW THE SENSITIVITY
LIMITS FOR CHEMICAL METHODS. WITH THIS IN MINDS A
SPECTROGRAPHIC METHODS INVOLVING THE ADDITION OF A STANDARD
GRANITE (G-1) IN VARYING PROPORTIONS TO THE DRIED WATER
RESIDUES, WAS TRIED. THE RESULTS OF THIS METHOD, HOWEVER,
PROVED UNSATISFACTORY AND HAD TO BE DISCARDED. THE
POSSIBILITY THAT THIS METHOD CAN BE MODIFIED TO GIVE GOOD
RESULTS STILL EXISTS AND FOR THAT REASON A BRIEF DESCRIPTIONS
TOGETHER WITH SUGGESTIONS, IS INCLUDED.
FOLLOWING AHRENS' (1) PRINCIPLE FOR THE ADDITION
METHOD, A STANDARD GRANITE (G-1) WAS ADDED, IN VARYING
PROPORTIONS, TO THE UNKNOWN WATER RESIDUE. SEPARATE
ADDITION (OR DILUTION) PLOTS OF INTENSITY VERSUS CONCENTRA-
TION FOR THE VARIOUS ELEMENTS WERE PREPARED AND EXTENDED TO
INTERSECT THE CONCENTRATION AXIS. THE POINT OF INTERSECTION
OF THE EXTENDED LINE AND THE CONCENTRATION AXIS WAS TAKEN TO
REPRESENT THE CONCENTRATION OF THE PARTICULAR ELEMENT IN THE
WATER RESIDUE. THE CONCENTRATIONS OBTAINED IN THIS WAY WERE
COMPARED WITH THOSE OBTAINED BY CHEMICAL METHODS. AGREEMENT
WAS POOR AND IN VIEW OF THE KNOWN RELIABILITY OF THE CHEMICAL
RESULTS, THE SPECTROGRAPHIC ANALYSES WERE DISCARDED.
THE CHIEF CAUSE OF THE FAILURE OF THE METHOD IS-
BELIEVED TO BE DUE TO A MATRIX DIFFERENCE. THE STANDARD
GRANITE CONSISTS OF MOSTLY SILICATES, WHEREAS THE WATER
RESIDUE CONSISTS OF CARBONATES, SULPHATES, AND CHLORIDES.
ALSO, THE RELATIVE PROPORTIONS OF THE ELEMENTS IN THE
STANDARD GRANITE ARE DIFFERENT FROM THE PROPORTIONS IN
THE WATER RESIDUE. TO ELIMINATE THIS MATRIX DIFFERENCE
IT IS RECOMMENDED THAT A SYNTHETIC RESIDUE, APPROXIMATING
THE COMPOSITION OF THE WATER RESIDUES BE USED AS THE
ADDITION STANDARD. A SYNTHETIC RESIDUE SIMILAR TO
KLEINKOPFtS (12) MIGHT BE APPROPRIATE. IT CONSISTED OF
THE FOLLOWING: 50% CACO3, 15% CAS0.2H2O, 13% SIO 2 2
10% MGCo3, 10% NACL, 1% AL203, AND 1% FE 203. THUS, THE
ADDITION METHOD, AS APPLIED TO WATER RESIDUES1 MERITS
FURTHER TESTING AND THE ABOVE SUGGESTIONS ARE OFFERED AS
A BASE FOR FUTURE INVESTIGATORS.
- 42 -
CHEMICAL METHODS OF ANALYSIS
A COMBINATION OF WET CHEMICAL AND FLAME PHOTOMETRIC
METHODS WERE USED TO DETERMINE THE CONCENTRATIONS OF THE
VARIOUS ELEMENTS IN THE STREAM WATERS. THE METHODS USED
WERE THOSE RECOMMENDED BY 'STANDARD METHODS' (21). A
COMPLETE DESCRIPTION OF EACH METHOD, TOGETHER WITH THE
RESULTS OBTAINED, ARE GIVEN IN THE FOLLOWING SECTION.
THE TIME INVOLVED IN CHEMICAL ANALYSES IS CONSIDER-
ABLE. IT IS, NEVERTHELESS, TIME WELL SPENT IF RELIABILITY
IN THE MEASUREMENTS IS DESIRED. IN THE DISCUSSION OF THE
METHOD THE PRECISION AND ACCURACY ARE CONSIDERED TOGETHER.
THE PRECISION, IN EVERY CASE, WAS GOOD. WITH REGARD TO THE
ACCURACY OF THE METHOD THE WRITER DEPENDS ON THE STATEMENT
OF THE ACCURACY AS DETERMINED BY A COOPERATIVE ARRANGEMENT
BETWEEN DIFFERENT LABORATORIES.
SODIUM AND POTASSIUM - FLAME PHOTOMETER
THE FLAME PHOTOMETRIC METHOD, ACCORDING TO 'STANDARD
METHODS', IS PROBABLY THE BEST METHOD FOR DETERMINING THE
CONCENTRATION OF SODIUM AND POTASSIUM IN NATURAL WATERS. IT
IS MORE SENSITIVE# MORE RAPID, AND GENERALLY MORE ACCURATE
THAN OTHER METHODS. ONCE THE ANALYST HAS BECOME FAMILIAR
WITH THE INSTRUMENT AND HAS PREPARED ALL THE NECESSARY
STANDARDS, UNKNOWN SAMPLES CAN BE RUN QUICKLY AND WITH
CONFIDENCE.
PRINCIPLE
THE EASE WITH WHICH THE SPECTRA OF THE ALKALI METALS,
SODIUM, POTASSIUM: AND LITHIUM, ARE EXCITED IN AN ACETYLENE
FLAME PROVIDES THE BASIS OF THE FLAME TESTS FOR THESE ELEMENTS.
A SOLUTION CONTAINING THE METALS IS SPRAYED INTO AN ACETYLENE
FLAME AND EXCITATION TAKES PLACE. A MONOCHROMATIC DEVICE
ISOLATES THE DESIRED SPECTRAL LINE AND A PHOTOTUBE
POTENTIOMETER CIRCUIT MEASURES THE INTENSITY OF THE LIGHT.
THE LIGHT EMITTED IS APPROXIMATELY PROPORTIONAL TO THE
CONCENTRATION OF THE ELEMENT.
APPARATUS
FLAME PHOTOMETER: PERKIN-ELMER OR ANY OTHER SUITABLE
PHOTOMETER.
REGULATING VALVES FOR AIR AND ACETYLENE.
. 43 -
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REAGENTS
CONTAMINATION FROM GLASSWARE CAN BE AVOIDED BY
STORING STANDARDS IN POLYETHYLENE BOTTLES. CLEANING
MIXTURES, SOAP CLEANSERS, DUSTI CORKS$ FILTER PAPER, AND
PERSPIRATION, MAY CONTRIBUTE SODIUM AND POTASSIUM AND
DUE CARE SHOULD BE TAKEN WHEREVER POSSIBLE TO AVOID SUCH
CONTAMINATION.
REAGENTS CONSIST OF STANDARD STOCK SOLUTIONS OF
SODIUM, POTASSIUM, AND LITHIUM. THESE ARE PREPARED AS
FOLLOWS:
(1) STANDARD SODIUM SOLUTION: DISSOLVE 2.542 G DRIED
SODIUM CHLORIDE IN DISTILLED WATER AND DILUTE TO 1 LITRE.
1 ML CONTAINS 1.0 MG SODIUM.
(2) STANDARD POTASSIUM SOLUTION: DISSOLVE 1.907 G DRIED
POTASSIUM CHLORIDE IN DISTILLED WATER AND DILUTE TO 1
LITRE. 1 ML CONTAINS 1.0 MG POTASSIUM.
(3) STANDARD LITHIUM SOLUTION: DISSOLVE 6.102 G DRIED
LITHIUM CHLORIDE IN DISTILLED WATER AND DILUTE TO 1 LITRE.
1 ML CONTAINS 1.0 MG LITHIUM.
PROCEDURE
THE INTERNAL STANDARD PROCEDURE1 USING 20 PPM.
LITHIUM AS THE INTERNAL STANDARDI WAS USED IN THE ANALYSIS.
AIR AND ACETYLENE WERE SET AT 10 AND 5 PSi, RESPECTIVELY.
FOR THE ACTUAL OPERATING PROCEDUREp THE READER IS
REFERRED TO THE INSTRUCTION MANUAL THAT ACCOMPANIES THE
INSTRUMENT.
. 4t5 -
THE INSTRUMENT IS QUITE SENSITIVE TO; VARIATIONS
IN LINE VOLTAGE, MOVEMENT OF PEOPLE IN THE LABORATORY,
OPENING OF LABORATORY DOORS, AND CIGARETTE SMOKE.
ANALYSES SHOULD BE DONE EITHER LATE AT NIGHT OR ON
WEEKENDS WHEN THESE DISTURBING FACTORS ARE AT A MINIMUM.
SODIUM
DATA
A SERIES OF STANDARDS WERE PREPARED FROM THE
STANDARD STOCK SOLUTION AND A CALIBRATION CURVE (FIG. 3)
OF SCALE READING VERSUS CONCENTRATION WAS PLOTTED. THE
DATA USED IN PLOTTING THE CALIBRATION CURVE ARE SUMMARIZED
BELOW IN TABLE 13.
TABLE 1l/ DATA USED IN CALIBRATION PLOT FOR SODIUM
STANDARDS
CONCENTRATION (PPM)
NA Li
5.0 20.0
2-5 20.0
1.0 20.0
SCALE READINGS
TRIAL 1 TRIAL 2 TRIAL 3
100.0 100.0 100.0
47-5 47.5 47.0
19.3 20.0 20.0
SCALE READING
AVERAGE
100.0
47.3
19.7
THE SCALE READINGS AND CORRESPONDING CONCENTRATIONS
OF THE UNKNOWNS ARE SHOWN IN TABLE 14. SAMPLES 1, 2, AND
3 ARE FROM LOCATIONS DESCRIBED IN THE BODY OF THE REPORT.
Aerz
6617 6 61W /O/r 4bdll V Zlel.177
A4717ge OfL1117*1704117S
60
50
40
30 -
Ao
.. 4 --
TABLE 14/ CONCENTRATION OF SODIUM IN UNKNOWNS
SCALE READING
1 TRIAL 2 TRIAL
8.o 8.5
20.5 20.0
24.0 27.0
CONCENTRATION (PPM)
TRIAL 1 TRIAL 2 TRJAL 3
o.42 o.4o o.42
1.05 1.03 1.00
1.26 1.19 1.34
DISCUSSION
THE PRECISION AND ACCURACY FOR THIS METHOD ARE GOOD. IN THE
ABSENCE OF INTERFERING SUBSTANCESO WHICH ARE NOT EXPECTED IN WATERS
OF SUCH LOW SALINITY2 THE PRECISION AND ACCURACY FOR SAMPLES 1, 2,
AND 3 ARE 2.4%, 1.9%, AND 6.3%, RESPECTIVELY.
POTASSIUM
DATA
A SERIES OF STANDARDS WERE PREPARED FROM THE STANDARD
STOCK SOLUTION AND A CALIBRATION CURVE (FIG. 4) OF SCALE READING
VERSUS CONCENTRATION WAS PLOTTED. THE DATA USED IN PLOTTING THE
CALIBRATION CURVE ARE SUMMARIZED BELOW IN TABLE 15.
SAMPLE
TRIAL
8-5
20.8
25.2
CONC.
AVERAGE
(PPM)
o.41
1.03
1.26
/Ol
190-1
40
SD
0 
-
WJ -
0t
0 o.~9
. 149 -
TABLE j / DATA USED IN CALIBRATION PLOT FOR POTASSIUM
STANDARDS
CONCENTRATION
(PPM)
K
2-5
1.0
0.5
0.25
LI
20.0
20.0
20.0
20-0
TRIAL 1
100.0
46.o
24.0
14.3
SCALE
READINGS
TRIAL 2
100.0
43.5
24.2
13.8
SCALE READING
AVERAGE
TRIAL 3
100.0
43.0
24.7
14.1
100.0
44.1
24.3
14.1
THE SCALE READINGS AND CORRESPONDING CONCENTRATIONS OF THE
UNKNOWNS ARE SHOWN IN TABLE 16.
TABLE 16 CONCENTRATION OF POTASSIUM IN UNKNOWNS
SCALE READING
TRIAL 2 TRIAL
15.7 14.8
11.0 12.5
12.0 11.0
CONCENTRATION
TRIAL 1 TRIAL 2
0.29 0.28
0.19 0.17
0.20 0.19
(PPM)
TRIAL
0.25
0.20
0.17
CONC.
AVERAGE
(PPM)
0.27
o.18
0.18
DISCUSSION
THE PRECISION AND ACCURACY ARE NOT AS GOOD AS IN THE SODIUM
ANALYSES. FOR SAMPLES 1, 2, AND 31 THE PRECISION AND ACCURACY ARE
7.5%, 11.1%, AND 11.1%, RESPECTIVELY.
SAMPLE
TRIAL
16.0
12.0
12.5
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ALUMINUM - "ALUMINON" METHOD
THIS METHOD IS RECOMMENDED FOR WATERS CONTAINING
FROM 0.001 TO 0.25 MG OF ALUMINUM IN 50 ML OF SAMPLE.
SINCE THE ALUMINUM CONTENT IN NATURAL WATERS IS USUALLY
SMALL AND LIES WITHIN THIS WORKABLE RANGE, THIS METHOD
IS SUITABLE FOR MOST NATURAL WATERS. As IN THE SILICA
METHOD, CONSIDERABLE TIME IS SPENT IN PREPARING STANDARDS,
CALIBRATION CURVES, AND REAGENTS. ONCE PREPARED, HOWEVER,
THE ANALYSES CAN BE RUN QUICKLY AND WITH REASONABLE
CONFIDENCE.
A SPECTROPHOTOMETER, FOR USE AT 525/'/ AND PROVIDING
A LIGHT PATH OF 10 CM OR LONGER, IS REQUIRED. BECAUSE OF
THE LIMITED LIGHT PATH OF OUR COLORIMETER, IT WAS NECESSARY
TO USE SANITARY ENGINEERING DEPARTMENT'S SPECTROPHOTOMETER.
THE FOLLOWING DESCRIPTION OF THE METHOD IS TAKEN
FROM 'STANDARD METHODS'. THE READER IS REFERRED TO THIS
WORK FOR FURTHER DETAILS.
PRINCIPLE
THE AMMONIUM SALT OF AURIN TRICARBOXYLIC ACID, ALSO
KNOWN AS "ALUMINON", PRODUCES A RED TO PINK LAKE IN DILUTE
ALUMINUM SOLUTIONS BUFFERED TO PH OF 6.3. THE INTENSITY
OF THE COLOR PRODUCED DEPENDS ON THE FOLLOWING: REACTION
TIME, TEMPERATURE, PH, QUALITY OF ALUMINON USED, AND THE
QUANTITY AND QUALITY OF THE SALTS AND ACIDS PRESENT.
- 51 
-
INTERFERENCE FROM IRON WILL PRODUCE ABOUT ONE-HALF THE
COLOR OF AN EQUIVALENT AMOUNT OF ALUMINUM.
APPARATUS
SPECTROPHOTOMETER, FOR USE AT 525/E(, PROVIDING
A LIGHT PATH OF 10 CM OR LONGER AND EQUIPPED WITH A
GREEN FILTER HAVING MAXIMUM TRANSMITTANCE AT 525A%'.
REAGENTS
ALL REAGENTS SHOULD BE PREPARED FROM ALUMINUM-FREE
AND IRON-FREE DISTILLED WATER. ALSO, REAGENTS SHOULD BE
STORED IN POLYETHYLENE BOTTLES.
(1) ACETATE BUFFER SOLUTION: ADD 3 ML GLACIAL ACETIC
ACID TO 247 ML 4 N AMMONIUM ACETATE (76.2 G AMMONIUM
ACETATE DISSOLVED IN DISTILLED WATER AND MADE UP TO 247 ML).
(2) ALUMINON SOLUTION: DISSOLVE 0.1 G OF AMMONIUM SALT OF
AURIN TRICARBOXYLIC ACID IN 100 ML DISTILLED WATER.
(3) STANDARD ALUMINUM SOLUTION: DISSOLVE 8.80 G ALUMINUM
POTASSIUM SULFATE IN 1 LITRE OF DISTILLED WATER. DILUTE
THIS SOLUTION 1 TO 100 FOR THE WORKING STANDARD SOLUTION.
THEN, 1 ML = 0.005 MG ALUMINUM.
PROCEDURE
To INSURE COMPARABLE COLOR DEVELOPMENT THE SAMPLES
AND STANDARDS SHOULD HAVE THE SAME INITIAL TEMPERATURE
(ROOM TEMPERATURE t 20 C IS SATISFACTORY). WITH PHOTOMETRIC
-52-
COMPARISON, THE READINGS SHOULD BE MADE EXACTLY 15 MINUTES
AFTER THE ADDITION OF ALUMINON.
To 50.0 ML OF SAMPLE ADD 2.0 ML OF ACETATE BUFFER
SOLUTION AND MIX. ADD 2.0 ML ALUMINON REAGENT AND MIX.
READ THE PERCENTAGE TRANSMISSION EXACTLY 15 MINUTES AFTER
THE ALUMINON WAS ADDED.
PREPARE A CALIBRATION CURVE (FIG. 5) FROM A SERIES
OF 5 OR 6 STANDARDS (TABLE 17) TO COVER THE OPTIMUM RANGE,
BY CARRYING OUT THE STEPS ABOVE ON SUITABLE ALIQUOTS OF
STANDARD ALUMINUM SOLUTION DILUTED TO 50.0 ML. DISTILLED
WATER SHOULD BE USED TO SET THE INSTRUMENT TO 100%
TRANSMITTANCE AND ALL THE STANDARDS, INCLUDING A REAGENT
BLANK, SHOULD BE READ AGAINST THE DISTILLED WATER. IT IS
CONVENIENT TO PLOT MILLIGRAMS OF ALUMINUM IN THE FINAL
54-o ML OF SOLUTION AGAINST THE PHOTOMETER READINGS.
TABLE l2/ DATA USED IN CALIBRATION PLOT FOR ALUMINUM
ML OF * % TRANSMITTANCE
STANDARD CONCENTRATION
STOCK SOLN. MG/54.0 ML TRIAL 1 TRIAL 2 AVERAGE
0.25 0.00125 83.4 83.3 83-35
0.50 0.0025 82.3 82.4 82.35
0.75 0.00375 82.8 82.8 82.80
1.00 0.005 77.5 78.6 78.05
* STOCK SOLUTION CONTAINS 0.005 MG ALUMINUM PER ML.
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THE CALIBRATION CURVE WAS PREPARED FROM THE DATA IN
TABLE 17. PER CENT TRANSMITTANCE READINGS FOR THE 3 UNKNOWN
WATER SAMPLES, (1, 2, AND 3)p CAMBRIDGE TAP WATER (4), AND
A REAGENT BLANK (5), TOGETHER WITH THE CORRESPONDING
CONCENTRATIONS ARE SHOWN IN TABLE 18.
TABLE j1/ DATA FOR % TRANSMITTANCE AND CONCENTRATION OF
ALUMINUM IN UNKNOWNS.
% TRANSMITTANCE CONCENTRATION
MG/54-0 ML
TRIAL 1 TRIAL 2 TRIAL 1 TRIAL 2
78.5
84.9
79.2
82.3
86.5
78.6
84.o
79.0
82.3
86.5
o.oo48o
0.00103
o.oo430
0.00230
0.00070
o.oo477
0.00128
0.oo442
0.00230
0.00070
AVERAGE
0.00478
0.00115
0.00436
0.00230
0.00070
CORRECTED
CONCENTRATION
(PPM)
0.075
0.008
0.o68
0.030
0.000
* THE CORRECTED CONCENTRATION WAS OBTAINED BY SUBTRACTING THE
VALUE FOR THE REAGENT BLANK (0.0129 PPM) FROM THE UNCORRECTED
CONCENTRATION.
SAMPLE
1
2
3
4
5
ow 55 -
DISCUSSION
THE RESULTS ARE PROBABLY ACCURATE TO WITHIN 10%
TO 50% OF THE ALUMINUM ACTUALLY PRESENT IN THE WATER
SAMPLES. THIS LOW ACCURACY IS PROPOSED BECAUSE THE
ALUMINUM CONCENTRATION WAS TOO LOW TO GIVE PERCENTAGE
TRANSMITTANCE READINGS IN THE FAVORABLE RANGE OF 20-80%.
IF THE LIGHT PATH COULD HAVE BEEN LENGTHENED FROM 4 CM
TO 10 CM OR LONGER, THEN MORE ACCURATE RESULTS WOULD BE
ATTAINABLE. HIGHER ACCURACY COULD ALSO BE ATTAINED BY
PRE-CONCENTRATING THE SAMPLE.
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SILICA - COLORIMETRIC SILICOMOLYBDATE METHOD
THIS METHOD IS RECOMMENDED FOR RELATIVELY PURE
WATERS CONTAINING FROM 0.4 TO 25 MG/l. SILICA. SOME
TIME IS REQUIRED TO PREPARE THE STANDARDS AND REAGENTS.
ONCE THEY ARE PREPARED, HOWEVER, THE ANALYSES CAN BE
RUN QUICKLY AND WITH CONSIDERABLE CONFIDENCE.
THE METHOD REQUIRES THE USE OF COLORIMETRIC
EQUIPMENT OF A TYPE WE DO NOT HAVE IN THE GEOLOGY
DEPARTMENT. A SPECTROPHOTOMETER IS NEEDED THAT CAN BE
SET AT THE DESIRED WAVE LENGTH (410/ ) AND PROVIDING
A LIGHT PATH OF MORE THAN 1 CM. A SPECIFIC FILTER OF
410/7/ WOULD BE NEEDED FOR OUR BAUSCH AND LOMB
COLORIMETER WHICH GIVES A LIGHT PATH OF 1 CM ONLY.
BECAUSE OF THIS LIMITED LIGHT PATH, THE SAMPLE WOULD
HAVE TO BE PRE-CONCENTRATED TO GIVE TRANSMITTANCY OF
BETWEEN 20% AND 0%, THE MOST FAVORABLE RANGE. IN LIEU
OF PURCHASING A NEW FILTER AND PRE-CONCENTRATING THE
SAMPLE, THE WRITER USED THE SANITARY ENGINEERING DEPART-
MENTS SPECTROPHOTOMETER. MANY THANKS ARE DUE DR. C.N.
SAWYER FOR HIS COOPERATION AND HELPFUL SUGGESTIONS.
THE FOLLOWING DESCRIPTION OF THE METHOD IS TAKEN
FROM 'STANDARD METHODS'. THE READER IS REFERRED TO THIS
WORK FOR FURTHER DETAILSI PARTICULARLY OF THE PRINCIPLES
INVOLVED.
- 57 -
PRINCIPLE
AT A PH OF 1.2, AMMONIUM MOLYBDATE REACTS WITH
SILICA AND ANY PHOSPHATE PRESENT TO FORM HETEROPOLY
ACIDS (SILICOMOLYBDIC ACID AND PHOSPHOMOLYBDIC ACID).
THE INTENSITY OF THE YELLOW COLOR IS PROPORTIONAL TO
THE CONCENTRATION OF SILICA THAT REACTS WITH THE
MOLYBDATE. THE EFFECT OF THE PHOSPHOMOLYBDIC ACID ON
THE YELLOW COLOR IS REMOVED BY THE ADDITION OF OXALIC
ACID.
APPARATUS
SPECTROPHOTOMETER, FOR USE AT 41oAo/, PROVIDING
A LIGHT PATH OF GREATER THAN 1 CM OR, A FILTER PHOTOMETER,
PROVIDING A LIGHT PATH OF GREATER THAN 1 CM AND EQUIPPED
WITH A VIOLET FILTER HAVING MAXIMUM TRANSMITTANCE AT 4107/x/.
REAGENTS
APPARATUS AND REAGENTS MAY CONTRIBUTE SILICA AND
GLASSWARE SHOULD BE AVOIDED WHEREVER POSSIBLE. A BLANK
SHOULD BE RUN TO CORRECT FOR ANY SILICA INTRODUCED EITHER
THROUGH THE USE OF GLASSWARE OR FROM CONTAMINATED REAGENTS.
(1) AMMONIUM MOLYBDATE SOLUTION: DISSOLVE 10 G OF AMMONIUM
MOLYBDATE IN DISTILLED WATER WITH THE AID OF STIRRING AND
GENTLE WARMING, AND DILUTE TO 100 ML. FILTER IF NECESSARY.
- 58 -
IF THE PH IS ADJUSTED TO 7 OR 8 AND THE SOLUTION IS STORED IN
POLYETHYLENE, IT WILL BE STABLE INDEFINITELY. IF THE PH is
NOT ADJUSTED A PRECIPITATE GRADUALLY FORMS.
(2) HYDROCHLORIC ACID, 1 + 1: MIX EQUAL VOLUMES CONC HCL
AND DISTILLED WATER.
(3) OXALIC ACID SOLUTION: DISSOLVE 10 G OXALIC ACID IN
DISTILLED WATER AND DILUTE TO 100 ML.
(4) STANDARD SILICA STOCK SOLUTION: FUSE 0.2000 G PURE
QUARTZ POWDER WITH 5.0 G SODIUM CARBONATE. DILUTE TO 1 LITRE.
THIS SOLUTION CONTAINS 0.2 MG/ML. WEAKER SOLUTIONS MAY BE
OBTAINED BY DILUTING SUITABLE ALIQUOTS.
PROCEDURE
To 50.0 ML OF SAMPLE ADD IN RAPID SUCCESSION 1.0 ML
1+1 HCL AND 2.0 ML AMMONIUM MOLYBDATE SOLUTION; MIX BY INVERT-
ING; AND ALLOW THE SOLUTION TO STAND FOR 5 TO 10 MINUTES. ADD
1-5 ML OXALIC ACID SOLUTION AND MIX THOROUGHLY. READ THE COLOR
AFTER 2 MIN. BUT BEFORE 15 MIN. HAVE ELAPSEDS MEASURING TIME
FROM THE ADDITION OF OXALIC ACID.
PREPARE A CALIBRATION CURVE (FIG. 6) FROM A SERIES OF 5
OR 6 STANDARDS (TABLE 19) TO COVER THE OPTIMUM RANGE, BY CARRY-
ING OUT THE STEPS ABOVE ON SUITABLE ALIQUOTS OF STANDARD SILICA
SOLUTION DILUTED TO 50.0 ML. DISTILLED WATER SHOULD BE USED TO
SET THE INSTRUMENT TO 100% TRANSMITTANCE AND ALL THE STANDARDS,
INCLUDING A REAGENT BLANK2 SHOULD BE READ AGAINST THE DISTILLED
WATER. IT IS CONVENIENT TO PLOT MILLIGRAMS OF SILICA IN THE
FINAL 54-5 ML OF SOLUTION AGAINST THE PHOTOMETER READINGS.
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TABLE 1/ DATA USED IN CALIBRATION PLOT FOR SILICA
ML OF *
STANDARD
STOCK SOLN.
5
10
20
25
30
CONCENTRATION
MG/54.5ML
0.05
0.10
0.20
0.25
0.30
% TRANSMITTANCE
TRIAL 1 TRIAL 2 AVERAGE
70.2
55-0
40.0
35.0
30.9
70.0
55-0
4o.o
35-0
30.8
70.1
35-0
4f0.0
35.0
30.9
* STOCK SOLUTION CONTAINS 0.01 MG SILICA PER ML
THE CALIBRATION CURVE WAS PREPARED FROM THE DATA IN
TABLE 19. PERCENT TRANSMITTANCE READINGS FOR THE 3 UNKNOWN WATER
SAMPLES, CAMBRIDGE TAP WATER, AND A REAGENT BLANKX TOGETHER WITH
THE CORRESPONDING CONCENTRATIONS ARE SHOWN IN TABLE 20.
TABLE 20 DATA FOR % TRANSMITTANCE AND CONCENTRATION
IN UNKNOWNS.
% TRANSMITTANCE CONCENTRATION MG/54-5ML
SAMPLE TRIAL 1 TRIAL 2 TRIAL 1 TRIAL 2 AVERAGE
1 52.0 51.7 o.114 o.116 0.115
2 42-3 46.3 0.179 o.148 0.163
3 37.3 37.0 0.227 0.229 0.228
4 42.8 43.0 0.175 0.173 0.174
5 88-5 88.3 0.0135 0.0137 0.0137
OF SILICA
CORR.
CONC.
(PPM)
1.86
2.74
3.93
2.94
0.00
* THE CORRECTED CONCENTRATION WAS
VALUE FOR THE REAGENT BLANK (0-251
CONCENTRATION.
FOUND BY SUBTRACTING THE
PPM) FROM THE UNCORRECTED
DISCUSSION
THE PRECISION AND ACCURACY DEPEND ON THE FOLLOWING;
LIGHT PATH, CONCENTRATION OF SILICA, PRESENCE OF INTERFER-
ING SUBSTANCES. ACCORDING TO 'STANDARD METHODS', IF THE
ABOVE CONDITIONS ARE ALL FAVORABLE, PHOTOMETRIC MEASURE-
MENTS MAY BE RELIABLE t 1% OR BETTER.
IN THE ABOVE ANALYSES THE LIGHT PATH USED WAS CM
WHICH GAVE % TRANSMITTANCY READINGS IN THE FAVORABLE RANGE
OF 35% TO 55%. ALSO, THE CONCENTRATION OF SILICA WAS IN
THE FAVORABLE RANGE AND INTERFERING SUBSTANCES, SUCH AS
TANNINI LARGE AMOUNTS OF IRONS COLOR, TURBIDITY, SULFIDE,
AND PHOSPHATE, ARE EITHER ABSENT OR REMOVED BY THE ADDITION
OF OXALIC ACID. THUS, THE ABOVE CONDITIONS, WHICH WOULD
HAVE AN ADVERSE EFFECT ON THE RESULTS1 CAN BE ELIMINATED
AND AN ACCURACY OF t 1% IS PROPOSED FOR THE ANALYSES.
--__ - owmal- -_ __ - ___
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CALCIUM AND MAGNESIUM - HACH METHOD
THE HACH METHOD FOR TOTAL HARDNESS IS AN EASY AND
QUICK METHOD OF DETERMINING THE CALCIUM AND MAGNESIUM
CONTENT OF NATURAL WATERS. THE HARDNESS IN WATERS IS
ATTRIBUTED TO THE PRESENCE OF CALCIUM AND MAGNESIUM.
THUS, BY ANALYSING THE WATER FOR TOTAL HARDNESS AND
CALCIUM, THE MAGNESIUM CONTENT IS FOUND BY SUBTRACTION.
THE FOLLOWING DESCRIPTION OF THE METHOD IS TAKEN
FROM THE CATALOGUE ISSUED BY THE HACH CHEMICAL COMPANY,
AMES, IOWA. FOR A MORE DETAILED DISCUSSION, PARTICULARLY
OF THE PRINCIPLE INVOLVED, THE READER IS REFERRED TO
P.112 OF 'STANDARD METHODS'.
PRINCIPLE
THE TITRATING AGENT FOR THE HARDNESS AND CALCIUM
DETERMINATIONS IS DISODIUM DIHYDROGEN ETHYLENEDIAMIN-
ETETRAACETATE. THIS COMPOUND, WITH STABILIZER HAS THE
COMMERCIAL NAME TITRAVER AND REACTS WITH CALCIUM AND
MAGNESIUM TO FORM COMPLEX IONS. IN THIS WAY THE CALCIUM
AND MAGNESIUM ARE RENDERED INACTIVE, YET NO PRECIPITATE
IS FORMED.
THE END POINT OF THE TITRATION IS DETECTED BY THE
USE OF AN INDICATOR THAT CHANGES SHARPLY FROM A WINE-
RED TO A TRUE BLUE WHEN THE LAST OF THE CALCIUM AND
MAGNESIUM IS TIED UP BY THE STANDARD TITRAVER SOLUTION.
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THE EXACT PH CONTROL OF THE SOLUTION IS ESSENTIAL FOR
ACCURATE RESULTS. ANOTHER REAGENT, MONOVER (LIQUID),
OR UNIVER (SOLID), PROVIDES THIS ACCURATE PH CONTROL
AND ELIMINATES THE INTERFERENCE OF SUCH IONS AS COPPER,
MANGANESE, NICKELp COBALTy IRON, AND OTHER HEAVY METALS.
FOR THE SEPARATE DETERMINATION OF CALCIUM$ AN
INDICATOR NAMED CALVER THAT CONTAINS AMMONIUM PURPURATE$
IS USED WITH THE TITRAVER REAGENT. THIS INDICATOR
CHANGES FROM ORANGE TO PURPLE AT THE POINT WHEN ONLY
CALCIUM HAS BEEN TITRATED. A STRONG SOLUTION OF SODIUM
HYDROXIDE IS USED TO MAKE THE WATER SAMPLE ALKALINE.
TOTAL HARDNESS ~
REAGENTS
(1) MONOVER OR UNIVER: ABOUT 1 ML OF THE LIQUID
(MONOVER) OR 0.5 G OF POWDER (UNIVER) PER 50 ML OF WATER
SAMPLE.
(2) STANDARD TITRAVER SOLUTION: THIS REAGENT, USED IN
TITRATING FOR HARDNESS AND CALCIUM, IS AVAILABLE IN THE
SOLUTION FORM, STANDARDIZED AND READY FOR USE OR IT CAN
BE PREPARED FROM TITRAVER POWDER AS FOLLOWS:
WEIGH OUT 4.0 GRAMS OF TITRAVER POWDER AND DISSOLVE
IT IN ABOUT 750 ML OF DISTILLED WATER. TO ABOUT 25 ML OF
THE STANDARD CALCIUM CHLORIDE SOLUTION, WHICH IS PREPARED
AS DESCRIBED BELOW, ADD APPROXIMATELY 1.0 ML OF MONOVER
(OR 0-5 G OF UNIVER). TITRATE WITH THE TITRAVER SOLUTION
ACCORDING TO THE PROCEDURE BELOW FOR THE DETERMINATION OF
HARDNESS. THE SOLUTION, SO PREPARED, SHOULD BE EQUIVALENT
TO MORE THAN 1.00 MG OF CALCIUM CARBONATE PER ML. FROM
THE TITRATION AND THE VOLUME OF THE SOLUTION1 COMPUTE THE
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VOLUME TO WHICH THE TITRAVER SOLUTION MUST BE DILUTED TO
MAKE IT EQUIVALENT TO 1.0 MG OF CALCIUM CARBONATE PER ML.
APPROXIMATELY 1 LITRE OF STANDARD SOLUTION WILL THUS BE
PREPARED.
(3) STANDARD CALCIUM CHLORIDE SOLUTION: DISSOLVE 1.000 G
OF DRY PRIMARY STANDARD CALCIUM CARBONATE IN A LITTLE DILUTE
HYDROCHLORIC ACID. DILUTE TO EXACTLY 1 LITRE. ONE ML OF
THIS SOLUTION IS EQUIVALENT TO 1.000 MG OF CALCIUM CARBONATE.
PROCEDURE
MEASURE OUT 50-0 ML OF WATER SAMPLE AND POUR IT INTO
A 250 ML FLASK. ADD APPROXIMATELY 1.0 ML OF MONOVER (OR 0.5 G
OF UNIVER) AND TITRATE WITH STANDARD TITRAVER UNTIL THE
SOLUTION CHANGES FROM RED TO PURE BLUE. THE END POINT IS
ABRUPT AND ONE DROP IS ENOUGH TO CAUSE THE CHANGE.
THE TOTAL HARDNESS IS CALCULATED BY MULTIPLYING THE
MILLILITRES OF THE TITRAVER SOLUTION REQUIRED IN THE TITRATION
BY 20 TO OBTAIN THE TOTAL HARDNESS AS PARTS PER MILLION.
DATA
THE FOLLOWING TABLE 21 IS A SUMMARY OF THE DATA COLLECTED
FOR THE TOTAL HARDNESS DETERMINATION IN 4 WATER SAMPLES. SAMPLE
NUMBERS 1, 2, AND 3 ARE FROM THE LOCATIONS DESCRIBED IN THE
BODY OF THE REPORT. SAMPLE NUMBER 4 IS CAMBRIDGE TAP WATER.
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TABLE 21 DATA FOR TOTAL HARDNESS
VOLUME TITRAVER ADDED TOTAL
SAMPLE (ML) AVERAGE HARDNESS
(PPM)
TRIAL 1 TRIAL 2 TRIAL 3
1 0.32 0.31 0.27 0.30 6.o
2 0.47 0.47 o.46 0.47 9.4
3 0.28 0.37 0.32 0.32 6.4
4 2.60 2-53 2.55 2.56 51.2
DISCUSSION
THE PRECISION AND ACCURACY FOR THIS METHOD ARE
EXCELLENT. IN SAMPLES CONTAINING FROM 0-5 MG/L HARDNESS,
A PRECISION OF ± 0.1 MG/L IS ATTAINABLE. FOR NATURAL
WATERS, THE PRECISION AND ACCURACY WILL BE ROUGHLY THE
SAME. THE PRECISION AND ACCURACY FOR SAMPLES 1,2, AND
3 ARE 1.6%, 1.1%, 1.6%, RESPECTIVELY.
THE ANALYST REQUIRES VERY LITTLE EXPERIENCE WITH
THIS METHOD IN ORDER TO OBTAIN RELIABLE RESULTS. DR.
SAWYER, SANITARY ENGINEERING DEPARTMENT, HAS PROVEN THIS
IN HIS LABORATORY. HE HAS TRIED THE METHOD ON SOPHMORES
WHO ARE NOT, AS YET, CONSIDERED EXPERIENCED ANALYSTS.
INVARIABLY, THE RESULTS THEY OBTAIN ARE BOTH ACCURATE
AND RELIABLE.
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CALCIUM AND MAGNESIUM
REAGENTS
(1) STANDARD TITRAVER SOLUTION: THE SAME SOLUTION IS
USED IN THE CALCIUM TITRATION AS IN THE TEST FOR TOTAL
HARDNESS.
(2) SODIUM HYDROXIDE SOLUTION: 4N SODIUM HYDROXIDE IN
DISTILLED WATER.
(3) CALVER INDICATOR POWDER: ABOUT 0.1 G OF POWDER PER
100 ML OF WATER SAMPLE.
PROCEDURE
MEASURE OUT 100 ML OF WATER SAMPLE AND POUR IT INTO
A 250 ML FLASK. ADD APPROXIMATELY 1.0 ML OF SODIUM HYDROXIDE
SOLUTION AND 0.1 G OF CALVER INDICATOR POWDER.
TITRATE WITH STANDARD TITRAVER SOLUTION UNTIL THE
COLOR CHANGES FROM ORANGE TO PURPLE. THIS COLOR CHANGE IS
MORE SUBTLE THAN THAT OF THE TOTAL HARDNESS AND SOME
PRACTICE IS REQUIRED.
THE CALCIUM HARDNESS OF THE WATER, EXPRESSED AS PPM
CALCIUM CARBONATE, IS FOUND BY MULTIPLYING THE MILLILITRES
OF STANDARD TITRAVER SOLUTION USED BY 10. THE CALCIUM HARD-
NESS IS THEN SUBTRACTED FROM THE TOTAL HARDNESS TO OBTAIN
THE MAGNESIUM HARDNESS.
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DATA
DATA FOR THE CALCIUM AND MAGNESIUM DETERMINATIONS ARE
SUMMARIZED IN THE FOLLOWING TABLE 22.
TABLE 22/ DATA FOR CALCIUM AND MAGNESIUM
VOLUME TITRAVER
(ML)
TRIAL 1 TRIAL 2
0.23 0.23
0.62 o.61
0.39 0.39
3.70 3.78
ADDED
TRIAL 3
0.22
0.65
o.4o
3.74
TOTAL
AVERAGE CALCIUM HARDNESS
(PPM) (PPM)
0.23
0.63
0.39
3.74
2.3
6-3
3.9
37. 4
6.o
9 .
6.4
51.2
MAGNESIUM
(PPM)
3.7
3.1
2.5
13.8
DISCUSSION
THE PRECISION AND ACCURACY ARE ONLY ABOUT ONE HALF AS
GOOD AS FOR THE TOTAL HARDNESS TITRATION. THUS, IN SAMPLES
CONTAINING FROM 0-5 MG/L OF CALCIUM AND/OR MAGNESIUM, A
PRECISION AND ACCURACY OF 0.2 MG/L IS ATTAINABLE. IN TERMS
OF PERCENT, THIS WOULD MEAN A PRECISION AND ACCURACY OF AROUND
5% FOR CALCIUM AND 6% FOR MAGNESIUM.
BECAUSE OF THE SUBTLE COLOR CHANGE AT THE END POINT
SOME PRACTICE IS REQUIRED BEFORE REPRODUCIBLE RESULTS CAN BE
OBTAINED. IN VIEW OF THIS, IT IS ADVISABLE TO SET UP A COLOR
STANDARD, BY ADDING AN EXCESS OF TITRAVER, TO ESTABLISH THE
PROPER COLOR AT THE END POINT.
SAMPLE
1
2
3
4
Zv_-
